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Localization of a developmentaHy regulated neuron‐ specific protein

S54 in dendrites as revealed by immunoelectron microscopy
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We sought to deterrnine the ultrastructura1 localization of the developmentally regulated neuron―specific protein S54 in the chicken

cerebellar cortex and optic tectum.The brains were fixed by perfusion with paraformaldchyde and glutaraldehyde.Frozen sections

were irninunocytocheHlically labeled with a rnonocional antibody to S54 protein.The inlinunoreactivity for S54 protein was localized

in dendritcs`No ilnlnunoreactivity for S54 protein was detected in axons and their presynaptic terlninals.

It has becn suggested that certain proteins are dis―

tributed unevenly within neurons and have an impor―

tant role in each compartinent3.Recent studies have

shown that some proteins in brain are restricted not

only to certain cell types but also to particular corn―

partinents of the neuron3,6.7,9.10,12.A high‐1■olecular―

weight microtubule associated protein(MAP2)1'21

type―II cyclic―ANIIP―dependent protein kinase13 and

callnoduhn22 are highly concentrated in dendrites,

On the other hand,certain isotypes of a―tubulin5,20

and another high―I■olecular‐weight Hlicrotubule as―

soc i a t e d  p r o t e i n ( M A P 3 ) 8  a r e  h i g h l y  c o n c e n t r a t e d  i n

axons.

It has recently been reported that proteins S5,S6

and S54(mol.WtS.95 kDa,100 kDa and l10 kDa,re―

spectively)have a high degree of structural homolo‐

gy and are expressed characteristically at certain deロ

velopmental stages in the chick brain18,19.Proteins S5

and S6 appear temporarily at the developmental

stages corresponding to the lnigration of neurons and

the growth of ncuronal processes,respectively.They

are present in both fiber tracts and neuropll in all

brain reglons at certain embryonic stages,but they

are not detected in the adult brain. On the other

hand, S54 protein appears in parallel with further

maturation of the nervous systeHl,and is present in

the adult brain.S54 protein is a neuron―specific pro―

tein and is enriched in neuropll but not in fiber

tracts19.It has been suggested that S54 protein is lo―

calized at synaptic junctions19; however, it has not

yet been deterHlined whether S54 protein is present

in axonal terrninals or postsynaptic elements.In this

study,we perforined iHllnunoelectron llllicroscopy of

S54 protein on cerebellar cortex and optic tectuHl,

which have been analyzed by light rnicroscopy in our

previous paper19, in adult hens, and disclosed the

locahzation of S54 protein in dendrites,

Anesthetized hens(5 months old)Were perfused

transcardially with 4ワろ paraformaldehyde and 2ワ ろ

glutaraldehyde in phosphate―buffered saline.The ce―

rebella and optic tecta were excised and fixation con―

tinued in the same fixative at 4°C for 12 h.For light

Hlicroscopy,tissues were embedded in paraffin and

s t a i n e d  w i t h  m o n o c l o n a l  a n t i b o d y ( M A b ) M 2 F 6 a s

described prcviously19.For electron IIlicroscopy,tis‐

sues were incubated for rnore than 12 h in 30%su‐

crose in phosphate―buffered saline. Frozen sections

12-14μm in thickness were then cut on a cryostat Hli―

crotomeo Some tissues were cutinto sections of 30ンιrn

thickness on a Vibratome. The sections were then
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incubated with WIAb NIt2F6 and a l:250 dilution of

horseradish peroxidase―conjugated goat anti-1■ouse

lgG(Cappel)fOr 3 h each.After reaction with diami‐

nobenzidine tetrahydrochloride, the sections were

postfixed with lワ ろ osHlium tetroxide, dchydrated

through ethanol series, and embedded in Epon.

Ultrathin sections were cut、 vith an ultratome,coun―

terstained with uranyl acetate and lead citrate, and

exaHlined、 vith an electron lnicroscope14.

The manufacture and characterization of 単 IAb

W12F6 used in this study have been prevlously

describcd19. This NIAb was obtained as culture su―

pernatant of the hybridoma cells.It reacts specifical―

ly with all of proteins S5,S6and S54.Since S5 and S6

proteins are not detected in the adult brain either

、vith two―dirnensional gel electrophoresis18。 r irllinu‐

noblot analysis19, the protein 、 vhich reacted with

臣IAb 臣 12F6 in the present immunocytochemical

study is S54 protein.Furthcrmore,specificity of the

present irnmunocytochenlical method was estab―
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lished by the substitution of antibody―free culture su―

pernatant of X63‐Ag8-653 myeloma cells or of NltAb

1 7 1 B 5 ( r e f . 1 4 ) t h a t  d O e s  n o t  r e a c t  w i t h  S 5 4  p r o t e i n

for NItAb W12F6.

By light rnicroscopy, as previously reported19,

stainings of brain sections with NItAb NIt2F6 sho、ved a

distinctive pattern in which a certain cellular element

、vas reproducibly labeled.It appeared as a rnyriad of

small punctate profiles,each<1.5 μm across(Fig.1).

In the cerebellar cortex,it was present in some but

not a1l of the cerebellar glomeruli(Fig.lA),whiCh

are complex synaptic arrangements consisting lnainly

of mossy fiber terlninals and granule cell dendrites15.

IHllnunostaining was hardly observed in the molec―

ular layer,Purkinje cells and white matter were com―

pletely unstained(data nOt shown).In the optic tec―

tum(Fig.lB)the immunOreactivity for S54 protein

、vas widely distributed except for the ependyma and

the layer of the retinal fibers(so in Fig.lB).The

slnall stained profiles were most abundant and in―

S O

ぜ

鮮

ぶ窓螺tttS鹸
鴎障ト

ヽ
ゃ

購

韻 ヾ

営

ふ

ミヾ
ミ

ぶ
ぶ
碑
持
ド

Fig。1.Light micrographs ofthe granularlayerin the cerebellum(A)and of Superttciallayers in the optic tectum(B)Stained with MAb

M2F6.A:intensely stained punctate profilcs arc prcscnt in the cerebellar glomeruli(indiCated by arrows).Hardly staincd ccrcbcllar

B10mCruli(indicatcd by arrowhcads)arc alSO Obscrvcd.Bar=20 μ m.Hcmatoxylin countcrstain.B:intcnscly staincd punctate pro―

宜les are visible in thc stratum ghseum et fibrosum superficiale(Sg).Therc is no immunostaining in the stratum opticum(so),WhiCh is a

retinal fibcr tract.Bar==20μm.No countcrstain,
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tense in the superficial lalninae of the stratum gri―

seum et fibrosum supericiale(sg in Fig。lB).The

identification of these stained pronles was pursued

further in electron lnicroscopy.

The iHllnunostaining pattern of the granular layer

in the cerebellunl, by electron lnicroscopy, con―

firmcd the light rnicroscopic observation of reaction

product for S54 protein in the cerebellar glomeruli.

Furtherlnore, the reaction product was situated in

the postsynaptic cytoplasrn of dendrites facing the

large rnossy iber terininals but not in the rnossy ter―

minals themselves(Fig。2).TheSe labeled dendrites

are thought to be granule cell dendrites,Since light

Hlicroscopy showed that there was no visible iHllnu―

nostaining in the axons in the molecular layer(data

not shown)and in the cell bodies in the granular lay―

er,irnmunoreactivity for S54 protein is thought to be

restricted in dendrites within a granule cell.

In the neuropil of the optic tectuHl,reaction prod―

uct for S54 protein was found in cell processes.These

labeled processes wcre not lnyclinated axons,Many

of these labeled processes were postsynaptic to unla―

beled presynaptic terFninals and thus appeared to be

dendrites(Fig。3).HoweVer,we could not rule out

the possibllity that some of the smaller labcled pro―

cesses were unmyelinated axons,The density of the

lHllmunoreactivlty appeared to be greater in the post―

synaptic region than in other reglons of dendrites

(Fig。3A).The reaction product in the cytoplasm of

dendrites was amorphous or nocculent both in the ce―

rebellar cortex and the optic tecturll,but due to llrni―

tation of the present technique the association with

any particular organelle could not be deternlined.

Therc was no detectable reaction in the ghal cell ele‐

ments nor axonal presynaptic terlninals.

The results of this study indicate that in the neuro―

pil S54 protein is localized in dendrites and that the

highest concentration of S54 protein occurs in the

postsynaptic reglon of dendrites under the present

set of conditions.It suggests that S54 protein is trans―
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Fig.2.Low(A)and high(B)magnifiCation ofelectron micrographs derived from a scction cut on a Vibratome showing the localization

ofthe imlnunoreactivity for S54 protein in dendrites ofthe cerebellar glomeruli.A:reaction productis observcd in thc dendrites facing

the mossy nberterminal(mf).Note the absence of reaction productin the granule cell somata(asterisk)and presynaptic terminals of

m o s s y  f i b e r s ( m f ) . g C i  g r a n u l e  c e l l  n u c l e u s . B a r = 0 . 5μm . B : a m o r p h o u s  r e a c t i o n  p r o d u c t  f o r  S 5 4  p r o t e i n  i s  p r e s e n t i n  t h e  p o s t s y n a p t i c

cytoplasm of dendrites(den),but absent from the presynaptic terminal(mf),WhiCh contains synaptic vesicles.Bar=0.25μ m.
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portcd from the soma of ncurons preferentially to thc

dendrite but notto the axon,and inally concentrated

in the postsynaptic reglons of the dendrite.ヽVhether

or not S54 protein is associated、vith any intracellular

organelle cannot be deterlnined until a rnore discrete

labcl than the present techniquc, such as inllnuno―

gold labeling,is used.Itis thought that S54 protein in

the soma and the axon istoo lo、v in concentration to

be detected in our present condition. However,we

cannot exclude the possibility that some special cir―

curllstances interfere、vith i11lmunostaining of axonal

S54 proteint

Proteins S5,S6and S54 are purportedly concerned

、vith cell rnigration,neurite growth and synaptogene―

sis during development18,19.In the adult nervous sys―

tem S54 protein may be involved in modification of

the structure of dendrites, Dendrites are enrichcd

with cytoskeletal proteinsl・11・21,type―II cyclic―AいvIP―

dependent protein kinase13 and Calrnodulin22.cyclic

A M P  a n d  c a l m o d u l i n  a r e  t h e  m a j o r i n t r a c e l l u l a r  r e g―
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ulatory signals2.Therefore the structure and function

of the dendrite may be far more dynanlically con―

trolled than those ofthe axon.Furthermore,it has rc―

cently been reported thatthe dendrites of sympathet―

ic ganghon cell appreciably change their arborization

in young adult lnarlllnals16,17. The light lnicroscopic

observations have shown that a portion of neurons,

such as Purkinje cells,lack thc immunorcactivity for

S54 protein in their dendrites.It、vill be of interest in

future invcstigations to clucidatc thc types of den―

drites in which S54 protein is concentrated and to de―

termine whether S54 protein―rich regions are subject
to growth and other plastic changes.
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Fig.3.Low(A)and high(B)magnifiCation of electron micrographs derived from a frozcn scction showing the localization of the im‐

munorcactivity for S54 protein in dendrites ofthe stratunl griseunl et fibrosum superficialc ofthe optic tcctum.Reaction productis ob‐

scrved in thc postsynaptic cytoplasm in dendrites(indiCatcd by arrows)facing the unlabeled presynaptic terminal(at)and in the den―

dritic shaft(outlined by arrowhcads).No pcroxidasc rcaction occurs in the myelinated axon(aX),the presynaptic axon tcrminals(at)

and thc glial clemcnts(gl).Ai bar=0.5μ m.B:bar=0.25μ m,


